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2.1. PHYSICAL TRAITS
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2.2. SEROLOGICAL MARKERS
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A. Measures
1. Length of the head
2. Width of the head
3. Distance between cheekbones
B. Skin and hair
4. Freckles: missing, some, plenty
5. Hair structure: straight, wavy, curly
6. Location of whorl: left, middle, right, two 
whorls
7. Distance of eyebrows: together, middle hairs, 
rather apart, extremely apart
8. Hairiness of the mid-part of ﬁngers: missing, 
very few, some, plenty
C. Eyes
9. Direction of eye openings: the corner of the 
eye elevated, straight, lowered
10. Location of the folds of upper eyelids: covers 
the bottom of the eyelid, lowered, little 
elevated, elevated
D. Iris
11. Colour: blue, grey, light multicolour, dark 
multicolour, light brown, dark brown
12. Shrinkage of ﬁrst border zone: no crypts, one 
or two, some, ten at least, several, plenty
13. Form of the contraction zone: ﬁne, medium 
rough, rough
14. Width of the inner zone: narrow, medium 
wide, wide
15. Number of visible contraction zones
E. Nose
16. Tip of the nose, groove: missing, present
17. Thickness of the nostril: narrow, medium thick, 
thick
Table 1. Physical traits used in paternity testing in Finland 1970-1977 (from the archives of Department of Forensic 
Medicine, University of Helsinki).
F. Mouth and chin
18. Dimple: missing, elongated, dimple
19. Highness of upper lip: narrow, medium high, 
high
20. Groove in the upper lip: narrow, medium wide, 
wide
21. Direction of the groove: merging down, 
parallel, merging up
22. Highness of the lining of upper lip: narrow, 
medium high, high
23. The groove between lower lip and chin: 
missing, weak, clear
24. The groove in the chin: missing, weak, clear
G. Ear
25. Direction of the bottom of ear: downwards, 
straight, upwards
26. Ear lopes: no lop ears, slightly lop ears, lop ears
27. Width of the helix: narrow, medium wide, wide
28. Place of the helix bending: partially, totally
29. Scapha continues to the lobule: discontinuous, 
continuous
30. Darwin’s tubercle: missing, present
31. Attachment of lobules: unattached, ¼ attached, 
½ attached, ¾ attached, clearly attached
H. Fingerprints and handprints
32. Total number of radial loops
33. Total number of ulnar loops
34. Average of the biggest line numbers in ﬁngers
35. Line A in handprint
36. Line D in handprint
37. Pattern in the ball of the little ﬁnger
38. Pattern in the ball of the thumb and ﬁrst 
interval
39. Pattern in the third interval
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2.3. DNA-MARKERS
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3. METHODS OF DNA-
BASED IDENTIFICATION
3.1. NO GENOME IS LIKE ANOTHER
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3.2. INHERITANCE
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Figure 1. Inheritance of autosomal chromosomes (A), sex chromosomes X and Y (B), and mtDNA 
(C). Autosomal and X-chromosomal inheritance is simpliﬁed. For autosomal chromosomes, only 
one of 22 chromosome pairs are presented. For both autosomal and X-chromosomes only two 
linkage groups (one breaking point along the chromosome) are presented.
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3.3. VISUALIZING THE 
DIFFERENCES – DNA MARKERS
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3.4. APPLICATIONS FOR 
FORENSIC IDENTIFICATION
	
     


$@$G@
'
 $-  
$
'0$$5



-5


-
/
'
 $$
*$

$@

'
*$
-$/

$
5

/$@
/'
0$ $$$/

-

/$


*

'

$  $

-





'0$///
$
,

$
1$
*'
#	5
*/
-5


 $/

5
--/$
$$-'
5
 
$ 
5
: 




B
 	
	5


 	
	5

..
;@
$
G

#	5-5
 


*



*'/ $/




 
*


 
* 
5
'0 G


,5
*
,*
$15
 
 -
  

$ *


-$
<3
.*

$

$1


#	5-'

 #- <223  $ 	

. 
*
:.;



<D0&0&
:+-
#	
1 +A5
;'
/$  $C
+5



5
,
#	5@
*
C:C5

#	@
** C#	; 

 $   $ 5


 :<22357888; /    

0&
')@
/$C5


:B'7889;'A
5
*$
-/

+A
$C

5
:*7;'
+ 
 / 5
*1$-$$

-
*#	5
*5
 
$
5



#	55

*$'0$5
*
-#	5
* 

/$
/
*

5


*
-/
-5
 
$/

*




:

'<22=P'788<P
K*'<227;'
0$ 
 
  

$
*	.A-*

*#	
'/
5
**$#	$
G
Figure 2. Autosomal STR markers commonly used in forensic identiﬁcation. Markers with green 
text are common European and US core loci, blue are only European and red only US loci.
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Figure 3. Human mtDNA tree based on van Oven and Kayser (van Oven and Kayser 2009).
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Figure 4. Human Y-chromosome tree based on Karafet (Karafet et al. 2008).
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5.3. MUTATIONS IN 
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5.4. Y-CHROMOSOMAL 
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6.1. MITOCHONDRIAL 
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MATERIALS AND 
METHODS
1. SAMPLES
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Collection No of samples Population Study
Laboratory of Forensic Biology 255 Finnish V
30 Somalian VI
30 Saami VI
30 Khanty VI
Finnish Red Cross 200 Finnish III
53 Finnish V
30 Finnish VI
200 Finnish VII
HGD Cell Line Panel* 30 Pygmy VI
30 French VI
30 Pakistan VI
30 Chinese Han VI
25 Yakut VI
* From Centre d’Étude du Polymorphisme Humain (Cann et al. 2002)
Table 2. The population samples used in the different studies
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2. LABORATORY METHODS
2.1. STR TYPING
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2.2. SEQUENCING
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2.3. MINISEQUENCING
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Area Forward Sequence Reverse Sequence
HVR1 L15997 CACCATTAGCACCCAAAGCT H16391 GAGGATGGTGGTCAAGGGAC
HVR1 seq L16209 CCCCATGCTTACAAGCAAGT H16164 TTTGATGTGGATTGGGTTT
HVR2 L048 CTCACGGGAGCTCTCCATGC H408 CTGTTAAAAGTGCATACCGCCA
mtDNA 1/4 F620 TAGACGGGCTCACATCACC R5043 GGGTTGTACGGTAGAACTGC
mtDNA 2/4 F4496 CTACTCTACCATCTTTGCAGGC R9001 CAGTAATGTTAGCGGTTAGGCG
mtDNA 3/4 F8581 GCCGCAGTACTGATCATTC R13187 CTGCTGCGAACAGAGTGG
mtDNA 4/4 F12525 CTCGAACTGACACTGAGCC R1233 CTGAGCAAGAGGTGGTGAGG
Table 3. Primers used in mtDNA analysis (VI, VII)
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3. DATA ANALYSIS
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Figure 5. SNP array of 242 SNPs (in duplicate) on a microscope slide from preliminary screen 
of polymorphic mtDNA SNPs. This image depicts one of the four scans over the slide revealing 
TAMRA-labelled C-bases.
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RESULTS
1. MUTATIONS 
AND VARIATION IN 
Y-CHROMOSOMAL 
STR MARKERS
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Locus No of 
mutation
No of 
meioses
Mutation 
frequency 
(x10-3)
95 % CI Study
DYS19 2 996 2.01 0.29-6.82 I
DYS389I 1 425 2.35 0.06-12.5 I
DYS389II 2 425 4.71 0.6-16.0 I
DYS390 4 466 8.58 2.54-20.3 I
DYS391 2 415 4.82 0.61-16.0 I
DYS392 0 415 0 7.15 I
DYS393 0 415 0 7.15 I
DYS385a/b 2 952 2.10 0.27-7.15 I
YCAIa/b 0 150 * I
YCAIIa/b 0 240 * I
DYS413a/b 1 100 * I
DYS449 7 371 18.90 7.6-38.5 V
DYS460 1 371 2.69 0.1-14.9 V
DYS505 1 371 2.69 0.1-14.9 V
DYS522 3 371 8.09 1.7-23.4 V
DYS576 4 371 10.8 2.9-27.4 V
DYS612 6 371 16.2 6.0-34.9 V
DYS627 12 371 32.3 16.8-55.8 V
* The number of meioses is too low for reliable mutation frequency estimation.
Table 4. Observed Y-STR mutations and estimated mutation frequencies in study I (above the line) and V (below 
the line).
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Figure 6. The Finnish population divided 
into three clusters based on Y-chromosomal 
diversity.
Subpopulation Minimal Haplotype 16-loci haplotype
HD MC S HD MC S
Varsinais-Suomi 0.972 4 15 0.986 3 21
Häme 0.965 4 14 0.986 2 18
Satakunta 0.956 6 16 0.984 3 19
Karjala 0.867 11 13 0.956 6 19
Pohjanmaa 0.816 13 13 0.940 7 16
Savo 0.722 15 13 0.894 10 18
HD: Haplotype diversity
MC: number of samples sharing the most common haplotype
S: number of singletons, haplotypes occurring once
Table 5. Y-chromosomal diversity in six subpopulations (N=30).
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Sample set N HD F FE
III 200 0.9202 +/- 0.0156 0.265 0.475
IV 806 0.9348 +/- 0.0066 0.233 0.419
V 255 0.9650 +/- 0.0055 0.133 0.353
N: number of samples
HD: haplotype diversity
F: frequency of the most common Finnish MH haplotype: 14 (DYS19), 14 (DYS389I), 30 
(DYS389II), 24 (DYS390), 11 (DYS391), 14 (DYS392), 14 (DYS393), 11-13 (DYS385a/b)
FE: frequency of eastern samples
Table 6. Differences in three Finnish population sample sets in Y-chromosomal MH data.
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Locus No of alleles Diversity NB*
Minimal Haplotype DYS19 1 0.0000 III
DYS389I 1 0.0000 III
DYS389II 1 0.0000 III
DYS390 1 0.0000 III
DYS391 1 0.0000 III
DYS392 1 0.0000 III
DYS393 1 0.0000 III
DYS385a/b 1 0.0000 III
Additional loci DYS612 6 0.6226 FY7
DYS464abcd 6 0.4877
DYS626 5 0.5653
DYS635 5 0.3788 YF
DYS627 4 0.6792 FY7
DYS570 4 0.6444
DYS449 4 0.5893 FY7
Y_GATA_H4 4 0.3062 III, YF
DYS522 4 0.4761 FY7
DYS576 4 0.4347 FY7
DYS446 4 0.2446
DYS614 4 0.1110
DYS458 3 0.4978 YF
DYS447 3 0.4898
DYS439 2 0.4136 III, YF
DYS460 3 0.2112 III, FY7
DYS505 3 0.2380 FY7
DYS643 3 0.1785
DYS622 2 0.1422
DYS481 2 0.0740
DYS448 2 0.0377 YF
DYS435 2 0.0377 III
DYS616 2 0.0377
DYS436 1 0.0000 III
DYS437 1 0.0000 III, YF
DYS438 1 0.0000 III, YF
DYS456 1 0.0000 YF
DYS638 1 0.0000
DYS641 1 0.0000
DYS644 1 0.0000
DYF383S1 1 0.0000
* III: loci included in study III, YF: loci included in AmpFlSTR Yﬁler, FY7: loci chosen for additional set of seven Y-STRs.
Table 7. Loci typed in 53 Finnish males sharing identical Minimal Haplotype.
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3. MTDNA VARIATION
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4. MTDNA DIVERSITY 
IN FINLAND
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HD ANPD Source
Finns 0.993 8.00 VII
British 0.997 8.48 (Piercy et al. 1993)
Austrian 0.997 8.4 (Budowle et al. 1999)
French 0.996 7.2 (Budowle et al. 1999)
German 0.99 7.90 (Lutz et al. 1998)
Czech 0.996 8.26 (Vanecek et al. 2004)
HD: Haplotype diversity
ANPD: Average number of pairwise differences
Table 8. MtDNA HVR1 and HVR2 diversity in some European populations.
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Subpopulation HVR1 HVR2 HVR1+2
HD MC S HD MC S HD MC S
Varsinais-Suomi 0.979 3 20 0.952 4 11 0.995 2 26
Häme 0.979 3 18 0.956 6 12 0.993 2 23
Satakunta 0.963 4 21 0.979 4 17 0.993 2 28
Karjala 0.968 4 14 0.975 4 14 0.986 3 21
Pohjanmaa 0.972 4 20 0.920 7 8 0.979 4 20
Savo 0.924 8 18 0.963 4 12 0.972 4 18
HD: Haplotype diversity
MC: number of samples sharing the most common haplotype
S: number of singletons, haplotypes occurring once
Table 9. MtDNA diversity in six subpopulations (N=30).
1. 2. 3. 4. 5.
Haplogroups N=402 N=1060 N=400 N=49 N=200
H 0.485 0.479 0.510 0.408 0.400
I 0.022 0.028 0.025 0.024 0.020
J 0.042 0.048 0.063 0.143 0.045
T 0.067 0.036 0.055 0.061 0.060
U 0.284 0.284 0.265 0.204 0.340
V 0.045 0.048 0.040 0.041 0.045
W 0.037 0.044 0.013 0.041 0.025
X 0.017 0.011 0.018 0.041 0.025
other 0.000 0.021 0.013 0.041 0.030
1. (Mohlke et al. 2005)
2. (Niemi and Majamaa 2005)
3. (Niemi et al. 2003)
4. (Torroni et al. 1996)
5. Study VII
Table 10. MtDNA haplotypes in the Finnish population according to ﬁve studies. For haplogroup 
deﬁnitions, see (Jobling et al. 2004) and Study VII, Table 2.
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3. MTDNA VARIATION
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4. MTDNA DIVERSITY 
IN FINLAND
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Y-STR Forward Reverse Study
DYS19 CTAATGAGTTTCTGTTATAGT ATGGCATGTAGTGAGGACA I
CTACTGAGTTTCTGTTATAGT ATGGCCATGTAGTGAGGACA III
DYS385 GTGACAGAGCTAGACACCATGC CCAATTACATAGTCCTCCTTTC III
DYS389 CCAACTCTCATCTGTATTATCT TCTTATCTCCACCCACCAGA III
DYS390 TATATTTTACACATTTTTGGGCC TGACAGTAAAATGAACACATTGC I, III
DYS391 CTATTCATTCAATCATACACCCA CTGGGAATAAAATCTCCCTGGTTGCAAG III
CTATTCATTCAATCATACACCCATAT ACATAGCCAAATATCTCCTGGG III
DYS392 TCATTAATCTAGCTTTTAAAAACAA AGACCCAGTTGATGCAATGT I, III
AAAAGCCAAGAAGGAAAACAAA AAACCTACCAATCCCATTCCTT III
DYS393 GTGGTCTTCTACTTGTGTCAATAC AACTCAAGTCCAAAAAATGAGG I, III
DYS435 GGGTTGTCCAGAGAAACAGC CCCCCTCCTCTCGTCTATCT III
DYS436 CCAGGAGAGCACACACAAAA ACGAGCTGCGTTAGAGGTGA III
DYS437 GACTATGGGCGTGAGTGCAT AGACCCTGTCATTCACAGATGA III
DYS438 TGGGGAATAGTTGAACGGTAA GGAGGTTGTGGTGAGTCGAG III
DYS439 ACATAGGTGGAGACAGATAGATGAT GCCTGGCTTGGAATTCTTTT III
DYS446 TATTTTCAGTCTTGTCCTGTC AAATGTATGGCCAACATAGCAAAACCA V
DYS447 GGTCACAGCATGGCTTGGTT GGGCTTGCTTTGCGTTATCT V
DYS449 TGGAGTCTCTCAAGCCTGTTC TTGCACCATTGCACTCTAGG V
DYS460 GAGGAATCTGACACCTCTGACA TCCATATCATCTATCCTCTGCCTA III
DYS468 GGGAGTTCCAAACTTTTTCACA GGGGGAAGATGACAATGATG II
DYS469 TTTGGGGACTGAATTCAAAA CCCCAGCTGGTAAAATGAGT II
DYS470 GGTCCTTCAGGAACCAGTTG TGGCTGTAAAACAAATATCAGCA II
DYS472 AGATTGTCCCACCTGCACTC GAGGCACTGTGTTCAGCAAA II
DYS473 CAGCCTGGATAGCAGAGTGA CCTCTTTTATTTGCTGGTTCCTT II
DYS474 CCCCTGAACTTAAAAGGTGGA GGCATCTAGGTTTACTGTGAGGA II
DYS475 CCCACCAAGGGTTTTCAGA CCCACAGAAAGATGTTGAGG II
DYS476 CGACTATGATTTGGGCTGTG AGCTGGGAAGTACTCAATGCTC II
DYS477 TAACTTACAGAAAAGCTCAGGG AAGTGAATCGAGTGCCTAGC II
DYS478 ACAGGCAACAAATTGGGTA TCAGGATAAGCTAGCAGTCTATG II
DYS480 CCAGCACCTAGGTTGAGGTA CAGCACTCCAAAATGACAGA II
DYS481 AGGAATGTGGCTAACGCTGT ACAGCTCACCAGAAGGTTGC V
DYS481 AGGAATGTGGCTAACGCTGT ACAGCTCACCAGAAGGTTGC II
DYS484 CCTATCATCCGCATGGACTT CCTGGTTGACAAAGCCAGAT II
DYS485 AAAGCAGACTTCGCCACTACA AAAAATTAGCTGGGCCTGGT II
DYS487 TGTGGGAGGCCTTAAGAAAA CCTGGGCAACAGAGAAAGAC II
DYS488 GGGGAGGGATAGCATTAGGA TACCCTGGTCCACTTCAACC II
DYS489 ACCCAAAGATTTGTCGGCTA AAAATTAGCCGAGCATGGTG II
DYS490 CCTGGCAGGAATTATCCAGA GCAGAGCTTGCACTGAGCT II
DYS491 GGAATGGGGAGGGATAACAT GGAGAAAATTCAATGCAGATACC II
DYS492 AGATGAGCCAGGCTTCAGAC AGTAGGGGTCAGGCACAATG II
Appendix 1. Y-STR loci and primers used in Y-chromosome analysis.
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Y-STR Forward Reverse Study
DYS493 ACTCCAGTCTGGGTGGACAG CCCTGGGATTATAGGCATGA II
DYS494 TTGCAACACTGTTCATTTGGA AACAAACCTGCATGTTCTTCAA II
DYS495 CCCAGCTATTCAGGAGGTTG GCCAGAAAGTGTGAGTCATCC II
DYS496 AATCGTTTAAACCCAGGAGGT TTATTGTGGGGCAGAAAAGTG II
DYS497 AACATGTGCGTTTTCAACCA GCATGTTGTGCACATGTAACC II
DYS499 TGGGTCAGAGAAAGGATTGC GGAGGAAGAGGTTGCAATGA II
DYS501 ACATGACAGAAAGAGGAAAGAGTT CCAAACTGTGCAGCATGTACT II
DYS502 CAGCAAGCCACCATACCATA TGTGCTTTTGGAGTTTGGAG II
DYS504 TCTACACCACTGTGCCAAGC GGCAACAGAGCAACCCTCT II
DYS505 TCTGGCGAAGTAACCCAAAC TCGAGTCAGTTCACCAGAAGG II, V
DYS507 GGCCTCCCAAGTAAGGAAAA TGAGTCAAGGTTCTCCAAAGAAA II
DYS508 ACAATGGCAATCCCAAATTC GAACAAATAAGGTGGGATGGAT II
DYS509 AACATGGTGAATCCCTGTCTCT TGTCCCCAGGGCTTTTTAAT II
DYS510 TTTTTCCTCCCTTACCACAGA TCTGGAGAAGACAGAACTTGTCA II
DYS511 GATAGGATGGGGTGGATGTG TGTGAATTCCCCTTCTACATCTC II
DYS512 CACGCCCAGCTAATTTTTGT GGGAGGAATAAAGGAAGGTTG II
DYS513 ATTGATCCATCCGTCTGTCC GTTGGATGAAGGGAGAGCAG II
DYS514 TTTCTCTAACACACACCTGTCCA TCACACCAATTGCCTATGTGA II
DYS516 TTTCCAATGACCAAGACGTG CGAACCTGCAAATTGTTCAC II
DYS517 TAATCGTCCCATTTTGAGCA TGCAATCCCAAACTCAGAAA II
DYS518 GGCAACACAAGTGAAACTGC TCAGCTCTTACCATGGGTGAT II
DYS520 AACAGCCTGCCCAACATAGT ACCATCATGCCCTGCAATA II
DYS521 GCCACAGCACCTGTTCAGTA GCTGGGAGTGAGACCCTGTA II
DYS522 CCTTTGAAATCATTCATAATGC TCATAAACAGAGGGTTCTGG II, V
DYS525 ATTCACACCATTGCACTCCA CCATCTGTTTATCTTCCCATCA II
DYS526 TCTGGTGAACTGATCCAAACC GGGTTACTTCGCCAGAAGGT II
DYS530 CAGGGTCAAAATCACCTTCC CTGCGGGACAATGAAACAC II
DYS531 GACCCACTGGCATTCAAATC TGCTCCCTTTCTTTGTAGACG II
DYS532 TTGGTTTTATGCCTTTCACT TAGGTGACAGAGCAGGATTC II
DYS533 CATCTAACATCTTTGTCATCTACC TGATCAGTTCTTAACTCAACCA II
DYS534 CATCTACCCAACATCCATCTA GACAAAGATGTTAGATGAATAGACA II
DYS536 TTGCTTTTCTGCTTCCCTTC ATCGCATTCCCCTCTCCTAC II
DYS537 GGTCTCCAATTCCATCCAGA TGGAACATGCCCATTAATCA II
DYS538 CCCCTGAATCACCAGAGTTC AACCAGCCCAAATACCCATC II
DYS539 GTTGAAGCCCTCAATCTGGT GGTGCAGATCTCCCAAATTC II
DYS540 GACCGTGTACTCTGGCCAAT CAGGAGGCTAGCTCAGGAGA II
DYS541 TTCTATCTGTTCATCCATCTAGG ACCTTTAAGAAGCCTTCACC II
DYS543 CAAGGGCCAATTATGTATGT TGATCTTCCTGGTCACTTTT II
DYS544 CTGGGCAACAGAGCAAGATT AATGCTGGCCAAAACAAAGT II
DYS545 GAGGGGAGTGTAGAAAGAATGC GATCCAAGATGGTGCCATTG II
DYS546 CCTGAGCTATTTTCCCTTTGC TGCAGTACATCCTGGGGAAT II
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Y-STR Forward Reverse Study
DYS547 TCCATGTTACTGCAAAATACAC TGACAGAGCATAAACGTGTC II
DYS549 AACCAAATTCAGGGATGTACTGA GTCCCCTTTTCCATTTGTGA II
DYS550 GCCTGGGTAACAGGAGTGAA AGCTGAAAACTGTGCTGCTG II
DYS551 CCAGCCTGGGTGACAAAGTA AAAGTTCCTCCCAGTTGCAC II
DYS552 CCATAGTGCCGAGGTCAAGT AACACCTGATGCCTGGTTG II, V
DYS554 CTGGGCCACAGAGTGAGAC GGGCCAGTCTTTGCAATATC II
DYS556 TGCTGTCACATCACCAATGA TTTGGTTGCTGAAGCATTGA II
DYS557 TTTTCTGTGCCAAGCCTACA TCTAATGCACCTTGAGGGATG II
DYS558 GGTGGTCAGAAAATCCCTCA GCAGGCCAATATTCACCATT II
DYS559 AGCCAAGGTCATACCACTGC TCGGTGAAGGCACCAATAAT II
DYS561 GCCTGATGCCATCTGAAAAT TGATCCCAACAACTGCACTC II
DYS562 GGGTGTATAAAGAGGGGCATA GGTAAAGGTTATCACGCCATC II
DYS565 AAACCCAGGAAGCAGTGTTG CCTGGCTCAGCACATGAATA II
DYS567 GGAAGCTGAGGAAGGAGGAG TTATGACCGGGATCAAGTGC II
DYS568 GTGGCAGACAAAACCCAGTT TTGAAAAGGGATGGGACTCA II
DYS569 TCCATGGGATATGATGAGCA GGCAGCCTGTAGGACAGAGA II
DYS570 GAACTGTCTACAATGGCTCACG TCAGCATAGTCAAGAAACCAGACA II, V
DYS571 AGCCTTCAGCGACTGCTTTA AGCTGAGATCATCCCATTGC II
DYS572 CTAAGGACGCCTCCCATACA CTCATTCCCTATGGTTTGCAC II
DYS573 GGGGGAGAAAAAGTTTGGTG AAAAATGGGGAGGTGGAAAT II
DYS574 GGTGGGGCTTCCATATTTTT AATGTAGACGACGGGTTGATG II
DYS575 GGTGGTGGACATCCGTAATC AGTAATGGGATGCTGGGTCA II
DYS576 TTGGGCTGAGGAGTTCAATC GGCAGTCTCATTTCCTGGAG II, V
DYS577 TCAATGCATGTTTTTCTACGTG GGAGGATGGTTTGAACCTGA II
DYS578 GAGGCGGAACTTTCAGTGAG GCTTCAACAACCCTGGACAT II
DYS579 GCCAGCAGTAGACCCAGACT AGGCAGAGGTTGCAGTGAGT II
DYS580 GCAGTGAGCCGAGATCAGG GGAGCAAACACTGCAATTTCC II
DYS581 GTAGGGTCTTGAACAGCATACG CGAGCCAAGCTGCTGTTAT II
DYS582 AGAGCGAGACTCCGTCTCAA CCCTTTCAAAAACAGAGCACA II
DYS583 GCAGGAAAATTGCTTGAACC CCTCATCCAATAGCTCTTCCT II
DYS584 TGCAGAATGTATGGTCTTTTTGA CTGCCAGTCTATTGCCCTTC II
DYS585 TGGAAGTATTCCACTCACTTGCT CTCAAGTGGGGAAGTCAAGG II
DYS587 CCTAAAGCGAAGAGACCATGA TGAAGGCCAAAGAGTGAAAGA II
DYS588 GAATGCAGAACCCTCAAGGA AGCCTGGGTGACAGAAACAC II
DYS589 CATCCACATTGTTGCAAAGG TGACGAGTTAGTGGGTGCAG II
DYS590 GGGAACATAGTCGGGCTGTA GGGTGACAGAGCAAGAATCC II
DYS592 GCCATTACACTCCAGCCTGT GCAATAAGAGCAAGGCTCCA II
DYS593 CTTGAACCCAGGAAGCAGAC TTATGCCCAAGTGACACTGC II
DYS594 GATGTGCCTAATGCCACAGA CCCTGGTGTTAATCGTGTCC II
DYS595 TGTTTTCGGTTCCTCTGTCC AGGGGAACAACACACACTGG II
DYS596 ATAACCGTGCCCTTTACTGC TTTTGACAAGCCCAAAGTTCT II
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DYS611 TACAGGTGTGCACCATGAGG CTTGGCAACATAGCAGATCC II
DYS612 CCCCCATGCCAGTAAGAATA TGAGGGAAGGCAAAAGAAAA II ,V
DYS613 ATAGAAGGCAAATTCTTTATCAA AAAGTTAATGACGCCTTGTC II
DYS614 GTGGCGATGTTGTGAGTGTT GCCACCAAAAGGTTTTCAGA II, V
DYS615 GGTCGAAGAAGGTGTCACAGA TGATTCTGCTAATTCCCATGC II
DYS616 GGCAAACAGATAGCAATTTACA TTGTTCTGCCCAGCAGTAT II, V
DYS617 AGCATGATGCCTTCAGCTTT GGATTGGGGAGTGATAGCAT II
DYS618 CCCATACCCTTGGTGTTGTC GAGGGCTATGGGAGGGATAG II
DYS619 GGCGACAGAGCGAGACTCTA GGCATGTGAGTTGAGGAACA II
DYS620 TGACGAGTTAATGGGTGCAG TGAGTTTGCTCCTCTAGCTTTC II
DYS621 GCCCAAATTAAAAGGCACAA TGACGAGTTAGTGGGTGCAG II
DYS622 TCCAGCCTCGGTGATAAGAG GGCTGAAGTGGGTTGTGTTA II, V
DYS623 GGGAAAAGCGCCTTGTAACT GGCTGGTTAGTCTCATGCTG II
DYS624 GCATCTCAAATCCTTTGTGGA TCCACCTGCTTTTCTCTTCA II
DYS625 TCATCACACATGGCCTAATTG GGCAAGTCACATGCATTACAA II
DYS626 GCAAGACCCCATAGCAAAAG AAGAAGAATTTTGGGACATGTTT II, V
DYS627 CTAGGTGACAGCGCAGGATT GGATAATGAGCAAATGGCAAG II, V
DYS629 GGGATTATTACAATTCAAGGTC TATGGGTAAATGGCAAAAGT II
DYS630 GCCTTTGGACAGAGCAAGAC AGCCATGGAAAGCTGTGAGT II
DYS631 CACTCCAGCCTCGGAGATAG GCGCTCTGTGGACATTATCA II
DYS633 GGCAACAAGAGCAAAACTCC CCACCAGGGAAGTGTCTTTC II
DYS634 TCAGAAGCATGCTAGAACCCTA TTGCTCCTTACAGAAGAGGTGA II
DYS635 ACCAGCCCAAATATCCATCA TGGAATGCTCTCTTGGCTTC V
DYS636 AATCCCATTGCATTTAGCAGA TGACACGTTAGTGGGTGCAG II
DYS637 AAGCCAGTCAACCAAACACA TGCTGGGGTTGAAGGTAAAA II
DYS638 ACAATTTCCCTTGGGGCTAC CATGGTGGTAGGCACCTGTA II, V
DYS640 TGGGAAAAACCATGAGATCC TAGGGTCAAGCCCGTTCATA II
DYS641 CTTGAGCCCAGGAAGCATAG CCACACGATGCAATTTTGTC II, V
DYS642 CATTGTGCACGTGTACCCTAA AAAGGGTTGTGCTGCATGAT II
DYS643 AAGCCATGCCTGGTTAAACT TGTAACCAAACACCACCCATT II, V
DYS644 TGACTTCGGGGTAGTTCCAG CCTGGGCAAAAGAGTGAGAC II, V
DYS645 GGTTACGGGTGGCAATCATA ACTGCCAGACTCACACATGG II
Y Gata H4 ATGCTGAGGAGAATTTCCAA CTATTCATCCATCTAATCTATCCATT III
DYF380S1 AGCCATGTGGATTCACCACT GACAAACCCATCCTGTCTCC II
DYF381S1 TCCATCCATCAATCCATCAA CAACCCAAACACTTGCAGAA II
DYF381S2 CAACCCAAACACTTGCAGAA TCCATCCATCAATCCATCAA II
DYF382S1 TTGTAAAATGGGCATGTGGA CCCAAAGTGCTACCCACCTA II
DYF383S1 CCAGCCTGAGTGAGAGAGTG CCAAAAAGCAATCCATAGCC II,V
DYF384S1 ACAGTGGGATCCAGTGGTTT AGCACAAATCAAGGGACGAA II
DYF385S1 CACCTCCAAATAAGTAAACATGGA TCTGCCAACTGAAAGGAAAAA II
DYF386S1 GACTGCTCAACTGCACTCCA CCAATGTTACTCACTATGCTGCTT II
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DYF387S1 GCCTGGGTGACAGAGCTAGA GCCACAGTGTGAGAAGTGTGA II
DYF388S1 TTCTAGGAAGATTAGCCACAACA CCCAGACAACAGAGCAAAAC II
DYF389S1 TGGGTCATTTTCCATTAGGC GATGATAGATGGACAAATGGATTG II
DYF390S1 AGCATTCCCTTTCTCATTGC TGACGAGTTAGTGGGTGCAG II
DYF391S1 CCATGCCATTCTCATGATGT AGGTTGCAGTGAGCCAAGAT II, V
DYF392S1 TTGAAGGCACAGATTTGCAC TTGGTGGCAACTTGAAGACA II
DYF393S1 GCAACCAAAAGGTTTGGAGA GTGGAGCCTGCTTAAAGGAA II
DYF394S1 GCCCTGAACAAAATCTGGAG GCAGTGAGCTGAGATGGTGA II
DYF395S1 AAAATTAGCTGGGCGTTGTG ATAGCCTGGCTGATTGCTGT II
DYF396S1 TGCACGTCTTCATACATAGAGC TTGAATGCCAAGTTATGTAGCA II
DYF397S1 TTTCAGCCTTTTCAATTTCCA GACTGCTCAACTGCACTCCA II
DYF399S1 GGGTTTTCACCAGTTTGCAT CCATGTTTTGGGACATTCCT II
DYF400S1 CCAGGCAACAGGAGTGAAAC TTGGGAAGATTAGCCACAATG II
DYF401S1 TCGCAAACATAGCACTTCAG TTCTAGGAAGATTAGCCACAACA II
DYF403S1 CAAAATTCATGTGGATAATGAG ACAGAGCAGGATTCCATCTA II
DYF404S1 GGCTTAAGAAATTTCAACGCATA CCATGATGGAACAATTGCAG II
DYF405S1 CCGTGGTGTCTGAAGCATAG CACATCAAGTTGCCTGTTTCA II
DYF406S1 CCTGGGTGACACAGTGAGACT TCCACCAAAATTCCATGACA II
DYF407S1 GGGTCCAGCATTCTGAGCTA TGCTTCAGATAATGCTCCAA II
DYF408S1 GAGGCCAGCCTGAGTAACAC ATACAGTGGTGCCATCGTCA II
DYF409S1 TTGTCAGGTGAACTGGCATAA CTTGAACCCAAGAGGCAGAG II
DYF410S1 TGACGAGTTAGTGGGTGCAG GCGGCTAGGGTAGAATCCAT II
DYF411S1 TGTGTACTGGAGGAGACCATTTT GACTGTGTTTGCACTTTCACG II
DYF412S1 TTGAGACCAGCCCTGACAAT CATGCCCGGCTAACATTATT II 
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456 C T CCC CCA ACT AAC ACA TTA TTT T
489 T C GGG TAT GAT GAT TAG AGT AGT T
709 G A TTA CAC ATG CAA GCA TCC CC
721 T C TCG TGG TGA TTT AGA GGG TG
769 G A GAA CAA GCA TCA AGC ACG CA
930 G A CTA AAA CAC TCT TTA CGC CGG
1018 G A AAA ACT CCA GTT GAC ACA AAA TA
1048 C T GTT TGG GTC TTA GCT ATT GTG T
1189 T C GAC CTG GCG GTG CTT CAT A
1190 T C GTT GAG GTT TAG GGC TAA GCA
1438 A G GAA GGT GGA TTT AGC AGT AAA CT
1719 G A ACC TTA CTA CCA GAC AAC CTT A
1811 A G CAG GAA CGA TAT AAT ACG AAC C
2245 A G/C ACT ACC TAA AAA ATC CCA AAC ATA T
2251 A C CCA ATT GGG TGT GAG GAG TT
2308 A G GAG GAG AAT GTT TTC ATG TTA CT
2352 T C GCA TAA GCC TGC GTC AGA T
2395 A C TAA CAG CCC AAT ATC TAC AAT CA
2416 T C CAA CCA ACA AGT CAT TAT TAC CC
2706 A G CCG TGA AGA GGC GGG CAT
2758 G A GAC CTG TGG GTT TGT TAG GTA
2789 C T ACC CAC AGG TCC TAA ACT AC
2885 T C CAC CAG TCA AAG CGA ACT AC
3010 G A CTT TAA TAG CGG CTG CAC CAT
3480 A G ACG CCA TAA AAC TCT TCA CCA A
3513 C T CCG CCA CAT CTA CCA TCA C
3516 C A GGT CGG GGC GGT GAT GTA
3549 C T CCG ACC TTA GCT CTC ACC AT
3552 T A AGG GGG GTT CAT AGT AGA AG
3594 C T GGA GGC CTA GGT TGA GGT T
3666 G A TTT ACT CAA TCC TCT GAT CAG G
3720 A G GGG TGA CTT CAT ATG AGA TTG T
3757 T C CAC CCT AGC CAT CAT TCT AC
3796 A T/G GTG GCT CCT TTA ACC TCT CC
3816 A G CCA CCC TTA TCA CAA CAC AAG A
3843 A G ATA AAT CAT ATT ATG GCC AAG GG 
4104 A G GTC ACC AAG ACC CTA CTT CT
4113 G A ACC CTA CTT CTA ACC TCC CT
4216 T C GAT TGT AAT GGG TAT GGA GAC AT
4336 T C TTA AAC CCC CTT ATT TCT AGG AC
Appendix 2. MtDNA SNPs and SNP-primer sequences.
9=
	
1
SNP Allele 1 Allele 2 SNP-primer
4454 T A CAT ACC CCG AAA ATG TTG GTT A
4491 G A GCA AAG ATG GTA GAG TAG ATG A
4580 G A TGA GTA GGC CTA GAA ATA AAC AT
4586 T C ATT TTT TGG TTA GAA CTG GAA TAA A
4688 T C GCA TCC ATA ATC CTT CTA ATA GC
4715 A G TCT TCA ACA ATA TAC TCT CCG G
4883 C T CAC ATG ACA AAA ACT AGC CCC
4917 A G ATA CCA AAT CTC TCC CTC ACT A
5108 T C GTT GAG TAG TAG GAA TGC GGT
5147 G A CAA CTT AAA CTC CAG CAC CAC
5178 C A CTA TCT CGC ACC TGA AAC AAG
5442 T C GAA CAT ACA AAA CCC ACC CCA
5460 G A CAT TCC TCC CCA CAC TCA TC
5465 T C ATA GGT AGG AGT AGC GTG GT
5603 C T CAG CTA AGG ACT GCA AAA CC
6071 T C GTA ACG ACC ACA TCT ACA ACG T
6077 C T ATT ATT ACA AAT GCA TGG GCT GT
6185 T C GCT TAT GTT GTT TAT GCG GGG
6366 G A GGC CCC TAA GAT AGA GGA GA
6752 A G TGT GCT CAC ACG ATA AAC CC
7028 C T TTG ATA GGA CAT AGT GGA AGT G
7055 A G CTC CTA TGA TGG CAA ATA CAG C
7146 A G AAC CTA CGC CAA AAT CCA TTT C
7202 A G ACG TCG GGG CAT TCC GGA
7226 G A GTG TAT GCA TCG GGG TAG TC
7256 C T ATG AGC CTA CAG ATG ATA GGA T
7660 T C GGA AAA TGA TTA TGA GGG CGT G
7697 G A GTT AGG AAA AGG GCA TAC AGG A
8027 G A TGT AAT TAT TAT ACG AAT GGG GG
8087 T C CTC ATG AGC TGT CCC CAC A
8251 G A GTG CTA TAG GGT AAA TAC GGG
8280 T C CCC TAT AGC ACC CCC TCT A
8404 G A AGT GTA AGG AGT ATG GGG GT
8584 G A GGG AAA TAG AAT GAT CAG TAC TG
8697 A G CTA ATC AAA CTA ACC TCA AAA CAA AT
8860 T C ATC CCC TTA TGA GCG GGC
8928 C T TTC TTA CCA CAA GGC ACA CC
9042 A G CAG GCC ACC TAC TCA TGC A
9072 G A GCG CCA CCC TAG CAA TAT C
9123 A G CGA CAG CGA TTT CTA GGA TAG T
9221 C T AAC ACA TAA TGA CCC ACC AAT C
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9272 T C GAG GTC ATT AGG AGG GCT GA
9311 A G CCG GCC TAG CCA TGT GAT T
9347 C T ACG CTC CTC ATA CTA GGC CT
9356 T C CAT CAT TGG TAT ATG GTT AGT GT
9540 A G CTA GCC CCT ACC CCC CAA
9632 T C CGT ATT ACT CGC ATC AGG AGT
10238 A G AAT TTC TAG ATC AAA TAA TAA GAA GGT
10313 T C CCT ACA AAC AAC TAA CCT GCC
10321 A G GAT GAT TAA TAA GAG GGA TGA CAT A
10398 C T GAC TAC AAA AAG GAT TAG ACT GA
10400 T C GTT TTG TTT AAA CTA TAT ACC AAT TC
10463 G A TGT AAA TGA GGG GCA TTT GGT A 
10589 C T GGT TAT GAG AGT AGC TAT AAT GAA
10664 A G TTG TGC CTA TTG CCA TAC TAG T
10819 T C GGT TGT GTT GAT TCA AAT TAT GTG
10873 C T GCC TAA TTA TTA GCA TCA TCC C
10894 T C CCC TCT ACT ATT TTT TAA CCA AAT
10915 A G ATC AAC AAC AAC CTA TTT AGC TG
11167 A G TTG GCT ATC ATC ACC CGA TG
11251 A G CTT CCC CTA CTC ATC GCA CT
11467 A G TTA TAC CAT AGC CGC CTA GTT T
11641 G A CAT ACT CTT CAA TCA GCC ACA T
11719 A G ATT CTC ATA ATC GCC CAC GG
11812 G A TCT CTC AAG GAC TTC AAA CTC T
11969 G A AAT ATG TAG AGG GAG TAT AGG G
12007 T G GTG GTG GGT GAG TGA GCC
12083 G A CAC CCT CAT GTT CAT ACA CCT A
12372 A G CTA CTA TAA CCA CCC TAA CCC T
12397 T C CCC TAA TTC CCC CCA TCC TT
12519 C T CTC AGT GTC AGT TCG AGA TAA T
12705 A G TCA GTT CTT CAA ATA TCT ACT CAT
12720 A G CTA CTC ATC TTC CTA ATT ACC AT
12768 A G TTC CAA CTG TTC ATC GGC TG
12810 A G GGC ATC TGC TCG GGC GTA
12850 A T ACA CAG CAG CCA TTC AAG CA
12930 A G CAC TCC AAC TCA TGA GAC CC
13105 A G GGA AGC GGA TGA GTA AGA AGA
13263 A G GCC TTC TCC ACT TCA AGT CA
13276 T C CTT CAA GTC AAC TAG GAC TCA TA
13281 G A GGT TGG TTG ATG CCG ATT GT
13368 A G TGT TAA GGT TGT GGA TGA TGG A
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13485 G A CAG CCT AGC ATT AGC AGG AAT
13590 T C CTC TCA TCG CTA CCT CCC T
13617 T C TGA CCT GTT AGG GTG AGA AG
13789 G C TCC AAA CAA CAA TCC CCC TC
13928 T C AAC ATA CTC GGA TTC TAC CCT A
14034 A G GTG GAG ATT TGG TGC TGT GA
14148 T C CTA ACC CTA CTC CTA ATC ACA TA
14178 T C CCC CGA GCA ATC TCA ATT ACA A
14182 T C GTT GAC CAT TGT TTG TTG GTG T
14212 T C GAT TAT GGG CGT TGA TTA GTA GT
14318 T C GTG GTG GTT GTG GTA AAC TTT A
14374 G A TGG GGT TAG CGA TGG AGG T
14560 A G CAA AAT TCA GAA TAA TAA CAC ACC C
14605 C T CTA AAC CCC CAT AAA TAG GAG A
14668 T C ACA CTC AAC AGA AAC AAA GCA TA
14766 T C CCA ATG ACC CCA ATA CGC AAA A
14783 T C CGC AAA ATT AAC CCC CTA ATA AAA
14798 G A GGG TGG GGA GGT CGA TGA
14905 G A CAC AGG ACT ATT CCT AGC CAT
15110 A G TCG GCA TTA TCC TCC TGC TT
15326 A G CAA GAA TAG GAG GTG GAG TG
15607 T C GGC AAG GAC GCC TCC TAG
15663 T C CTC ATC CTA GCA ATA ATC CCC A
15670 T C AAA TAT TAT GCT TTG TTG TTT GGA TAT
15784 C T GGA CAA CCA GTA AGC TAC CC
15904 G A GGG CCT GTC CTT GTA GTA TAA A
15928 T C AAT ACA CCA GTC TTG TAA ACC G
16519 C G ATC TGG TTC CTA CTT CAG GG
